Background: A major problem in the development of required chemical compounds in a variety of industries such as pharmaceutical, agricultural, paint and polymer industries is to easily access the chemical starting materials. One class of these materials is quinoline derivatives. Synthesis of these compounds, despite their simple chemical structures is relatively complicated and their synthesis design and purification are challenging. Quinoline derivatives were synthesized and explored for their anticancer, antitinephritic, antitumor, anti-inflammatory and analgesic activity, as antiallergetic agents for treating Alzheimer's disease (AD). Possible formation of 5-and 7-substituted quinolines during the Skraup reaction using m-substituted anilines is well understood. However, there are conflicting reports on the composition of the products from certain reactions. Objectives: As part of our research, we are interested in the development of synthetic strategies for preparation of 7-methyl-8-nitroquinoline selectively from a prepared mixture of 5-and 7-methyl quinoline as a key material to study its biological activities as well as to develop other corresponding quinoline derivatives for our research purpose. Materials and Methods: Synthesis and characterization of 7-methylquinoline using the Skraup methodology was reported. A subsequent nitration reaction was also carried out using a mixture of 5-and 7-methylquinoline to obtain pure 7-methyl-8-nitroquinoline selectively. In this project, in the first step, a mixture of 7-methylquinoline and 5-methylquinoline was prepared from the reaction of m-toluidine and glycerol. In the next step, 7-methyl-8-nitroquinoline was selectively synthesized and subsequently characterized using conventional methods such as NMR, IR, GC-MS and elemental analysis. Results: The compound 7-methyl-8-nitroquinoline was selectively synthesized in a two-step reaction with an excellent yield. Conclusions: 7-methyl-8-nitroquinoline as a key starting material was obtained through a two-step synthesis from m-toluidine. Skraup synthesis was employed to produce a mixture of 7-and 5-methylquinoline in a 2:1 ratio, which was then used for a nitration reaction using nitric acid and sulfuric acid without further purification. The final reaction selectively produced 7-methyl-8-nitroquinoline with an excellent yield.
Background
Numerous recent reports have proved that quinoline ring containing compounds exhibit potent biological activities. Quinolines and their derivatives have been found to be important constituents of several biological active synthetic compounds (1-3) such as DNA-intercalating carriers (4) and those with DNA binding capability (5) and antitumor effects (6, 7) . Quinoline derivatives were synthesized and explored for their analgesic activity (8) as antiallergetic agents (9) for treating Alzheimer's disease (AD) (10) , anticancer (11, 12) , antitinephritic (13) , antitumor (14) , anti-inflammatory and other biological activities (15) (16) (17) . Several quinoline derivatives were identified as potent inhibitors of the Pim-1 kinase which is involved in the control of cell growth, differentiation, proliferation and apoptosis (12) .
Quinoline-containing antimalarial drugs, such as chloroquine, quinine and mefloquine, are mainstays of chemotherapy against malaria (18) . Due to its unique pharmaceutical importance, a continuous development in the synthesis of new quinoline derivatives is a growing area of research.
Quinoline and its derivatives are well known for their antimalarial and antibacterial properties. A number of quinoline derivatives are known to possess antimicrobial, antitumor, antifungal, hypotensive, anti HIV, analgesics and anti-inflammatory activities.
Great attention is currently paid to the synthesis and study of the biological properties of quinoline derivatives by synthetic and medicinal chemists. Several classical methods for targeting the quinoline core, including the Skraup, Doebner-von Miller, Friedlander, Pfitzinger, Conrad-Limpach, and Combes syntheses (19, 20) , have been developed for the preparation of quinolone-containing materials, ligands, and pharmaceutical agents (18) . Most of these methods involve reactions which are often performed under unfavorably harsh conditions, mostly reactions under strong acidic or basic conditions or with high temperatures (17) (18) (19) (20) (21) (22) . Many quinoline derivatives are important starting materials for a wide range of applications such as drugs and industries (23) (24) (25) .
A great deal of investigation has previously shown that the possible formation of 5-and 7-substituted quinolines during the well-known Skraup reaction with m-substituted anilines involves conflicting reports about the composition of the products from certain reactions (26) (27) (28) (29) (30) .
Durce (27) reported that 7-methylquinoline ( Figure  1 ) was the sole product from the reaction with m-toluidine which was later confirmed by Bradford, Elliot and Rowe(28) who reported in a detailed survey that ortho-/ para-directing groups, such as the methyl group, gave only 7-substituted quinolines. A simultaneous report by Poutermann and Girardet (29) however, claimed that a mixture of 5-and 7-isomers was formed. Palmer (30) using gas chromatography showed that m-toluidine gave a mixture of 7-methyl-and 5-methylquinolines containing approximately 60% of the 7-isomer.
Although 7-methyl-8-nitroquinoline, itself, has a potential for biological activities, it will also have a great potential as a starting material for the development of a wide range of other biologically active compounds. As a part of our study, we were interested in multistep reduction and oxidation reactions of this compound which yields polypyridine compounds with a more efficient potential for biological activities such as anti-inflammatory agents and DNA intercalating compounds; such research has previously been undertaken by Barton and her research group (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) .
There have been a number of functionalization reaction studies of quinolines including nitration reactions of 7-alkylquinolines (43, 44) . In all cases, the corresponding 8-nitroquinoline was identified as the main product but the nature of the minor products formed remains uncertain. Capps (44) starting from impure 1 showed that an unidentified minor product was neither 7-methyl-5-nitro nor 5-methyl-5-nitroquinoline, which implied that nitration occurred in the pyridine nucleus. Here in, we report on the synthesis and characterization of 7-methylquinoline using the Skraup methodology. A subsequent nitration reaction was also carried out using a mixture of 5-and 7-methylquinoline to obtain pure 7-methyl-8-nitroquinoline selectively.
Objectives
In this study, we investigated the two-step synthesis of 7-methyl-8-nitroquinoline from m-toluidine in which conventional methods such as NMR spectroscopy, GC-MS spectrometry, IR spectroscopy and elemental analysis were used to characterize the products.
Materials and Methods

General Experimental
Reagent-grade solvents were used for the syntheses of compounds without further purification. 1 H NMR and 13 C NMR spectra were recorded on Varian UNITY-300 or Varian INOVA-500 spectrometers. 1 H NMR and 13 C NMR chemical shifts were referenced to residual solvent resonances (CDCl 3 , 7.25 and 77.01 ppm, respectively). Infrared spectra (400-4000 cm -1 ) were obtained using a Shimadzu 8201PC Series FTIR interfaced with an Intel 486 PC operating Shimadzu HyperIR software. Spectra were obtained using the diffuse reflectance method in solid KBr. GC-MS, LC-MS and Microanalyses were performed at Shahid Beheshti University of Medical Sciences. Glycerol and m-toluidine were obtained from Aldrich and used without further purification. All other starting materials were obtained commercially and used as received.
Syntheses
For the synthesis of 7-Methyl-8-Nitro-quinolin, the twostep route shown in Figure 1 was employed.
7-methylquinoline: In a round-bottom flask, m-nitrobenzene-sulfonate (135 g, 0.6 mol), glycerol (83.52 g, 0.92 mol), and m-toluidine (50.46 g, 0.47 mol) were mechanically stirred. To this mixture, 273.58 g (2.7 mol) of 98% H 2 SO 4 solution and 61.5 g H 2 O were added. The addition was drop-wise and the H 2 SO 4 /H 2 O solution had been cooled in an ice bath before the addition. During the addition, the mixture was mechanically stirred and the exothermic reaction was controlled with an ice bath when needed. Once the addition was completed, the solution was heated to reflux (ca. 150°C) for 1 hour (caution: spontaneous exothermicity!). The solution was then cooled in an ice bath and diluted with 330 mL H 2 O and 43.08 g NaNO 3 were added slowly. The solution was then warmed (~70°C) for about 20 minutes to decompose the excess m-toluidine. The solution was cooled again in an ice bath and 400 g of KOH was added slowly to increase the pH of the solution above 10 (pH > 10). The solution was then purified using steam distillation. The clear distillate was cooled, saturated with NaCl and kept in the refrigerator for a couple of nights. The formed brown crude oil was separated from the distillate using a separatory funnel. Then, the distillate was extracted with diethylether (3 × 200 mL). The organic phases were collected, dried with MgSO 4 , and evaporated. The resulting oil was then further purified using vacuum distillation: bp 91°C (3 mmHg) to give a 70% yield of 7-Methylquinoline (based on GC-MS and 1 H NMR). (1) and (2) and 99% based on (1) 7-Methyl-8-nitro-quinoline: a solution of 28.5 mL of fuming HNO 3 and 85.5 mL of 98% H 2 SO 4 was added dropwise at -5°C, to a mechanically stirred mixture of 57.05 g (0.398 mol) of 7-methylquinoline and 142.5 mL of H 2 SO 4 . Once the addition was completed, the cool bath was removed and stirring was continued for 40 min. The solution was then poured over ice and vacuum filtered once the ice was completely dissolved. Additional cold water was added to the filtrate until no more precipitate appeared. The mixture was kept in the refrigerator overnight for precipitation completion. The precipitate was filtered, and then 95% EtOH (3 × 100 mL) was used to wash the solid. The solid was dried under vacuum to afford 51.80 g (69% based on the mixture, 99% based on 7-methylquinoline) of white powder. M.p. = 182-183°C. 1 
Results
As shown in Figure 1 , the first step of the procedure involves a Skraup reaction which is generally considered to proceed with an intermediate formation of the β-arylaminocarboxaldehyde or a Schiff base derived from it, then cyclisation to a tetrahydroquinoline followed by elimination of a water molecule and oxidation of the resulting dihydroquinoline using nitrobenzene salt (Figure 2) (45 , 46) . In the presence of a strong orthopara directing group, -CH 3 , it is expected that the reaction would lead to 7-methylquinoline only (47) . However, we observed, based on the 1 H NMR (Figure 3) and GC-MS studies (Figure 4) , that the 5-methylquinoline was also formed in the reaction mixture as a minor product which can be interpreted through the cyclisation mechanistic step via an either sides of the NH 2 group on the ring (Figure 2) .
The chemical shifts of the proton signals associated with the protons of the methyl groups in the mixture of 7-methylquinoline and 5-methylquinoline in CDCl 3 have been assigned at 2.5454 and 2.6482 ppm, respectively (Figure 3) . The peaks integration interpretation suggests that the products formed with a 2:1 ratio, respectively. The results were also consistent with the GC-MS analysis of the reaction mixture in chloroform solvent ( Figure 4) . As it is depicted in Figure 4 , two peaks were observed in TIC Scan with peak integration of 100:50, for 7-methylquinoline and 5-methylquinoline, respectively. Therefore, the product was shown to consist of a mixture of 7-methylquinoline (70%) and 5-methylquinoline (30%).
Unfortunately, isolation of the predominant 7-substituted isomer using a variety of methods such as column chromatography, crystallization or distillation techniques remained unsuccessful. It seemed probable, J Arch Mil Med. 2014;2(1):e15957 at the first instance, that the 7-methylquinoline used in the above studies contained appreciable amounts of the 5-methylquinoline, the nitration of which would have given rise to additional products (46) .
Nitration reaction of the mixture was, therefore, carried out using fuming nitric acid in concentrated sulfuric acid. The product which was obtained was then analyzed by NMR and MS techniques. The 1 H NMR and MS studies showed that only one product was obtained ( Figure 5 and Figure 6 ). Product with a nitro group ortho to a methyl group may be identified from its MS by the facile loss of OH ion from the parent ion. The parent ion mass/charge ratio signal of the nitro product in GC-MS determination was 188.1, while the mass/charge ratio signal of 171.1 can be assigned as [M-OH] + which was consistent with the results reported previously for ortho-nitrotoluene (48) . 
Discussion
In our study, nitration of the mixture of 7-methyl-and 5-methyl-quinoline obtained by Skraup synthesis, with fuming HNO 3 and concentrated H 2 SO 4 gave 7-methyl-8-nitroquinoline selectively as a white pure powder product; the identity of which was confirmed by the ejection of OH ion from the parent ion in the MS and by a lack of significant benzylic coupling proton in the NMR spectrum. Similar studies were performed by Long and Schofield (49) using a mixture of 7-ethyl-and 5-ethyl-quinoline, but in their study, they observed the formation of a minor 5-ethyl-8-nitroquinoline as a side product, by which the nitration products were contaminated and therefore, the yield of the total synthesis decreased significantly compared to our report. In our study, by contrast, a pure selec Nitration of the mixture of 7-methyl-quinoline results in exclusive formation of 8-isomer, which is the only position remaining in the carboxylic ring that is fully conjugated (ortho) with the methyl group, considering the lesser degree of character of the 6, 7-bond. Based on this interpretation, nitration of 5-methyl-quinoline is expected to occur at both positions 8 and 6, both positions being fully conjugated (para and ortho, respectively) with the methyl group. Surprisingly, these expected products were not formed during the nitration reaction of the mixture. The total yield of nitroderivative was 99% from 7-methylquinoline. This could be due to the result of the reaction conditions that we approached in our laboratory.
Conclusions: A highly efficient selective two-step straightforward synthesis of 7-methyl-8-nitroquinoline from m-toluidine was reported. The synthetic strategy was mediating of two steps. In the first step, the Skraup synthesis of quinolines was employed to produce oil products of 7-and 5-methylquinoline mixtures which were characterized using NMR and MS methods, while the final step was to produce 7-methyl-8-nitroquinoline using mixture of fuming HNO 3 /conc. H 2 SO 4 . The final product was characterized using NMR, MS, IR, and elemental analysis, and its melting point was recorded. The total yield of nitroderivative was 99% from 7-methylquinoline.
